F acial synkinesis is a distressing complication after facial paralysis or paresis and is difficult to treat. [1] [2] [3] Synkinesis commonly occurs after facial nerve injury and is defined as the unintentional motion of one area of the face during intentional movement of another area of the face. There are several theories regarding the pathophysiology of synkinesis. 1 Abnormal nerve action leads to synkinetic movements, such as the closing of an eye with voluntary oral movement or midfacial movement on voluntary closure of the eye. Synkinesis can also be present in the platysma, leading to uncomfortable neck contractions. 2 Synkinesis may lead to functional limitations with activities such as eating, drinking, and smiling and can lead to social isolation and decreased quality of life. 3, 4 The management of facial synkinesis consists of a combination of facial biofeedback routines, facial physical therapy, the chemodenervation of affected muscle groups using botulinum toxin type A injections, and surgical modification of the offending muscle group if possible. [3] [4] [5] [6] Botulinum toxin is a potent neuromodulator produced by the bacteria Clostridium botulinum, which acts at the neuromuscular junction by blocking the exocytosis of synaptic vesicles that contain acetylcholine. 7, 8 This process is accomplished through metalloproteinase action of the toxin that cleaves key fusion proteins required for vesicle docking and exocytosis. Prevention of acetylcholine release from presynaptic motor neurons by the toxin leads to muscle paralysis. There are 3 brands of botulinum toxin type A products that are commonly used and commercially available in the United States: onabotulinumtoxinA (Botox, Allergan), abotulinumtoxinA (Dysport, Medicis), and incobotulinumtoxinA (Xeomin, Merz) . Recently, the efficacy of onabotulinumtoxinA and abobotulinumtoxinA was compared for the cosmetic treatment of lateral periorbital lines. 7 Another study 9 that compared the efficacy of onabotulinumtoxinA and incobotulinumtoxinA in the treatment of benign essential blepharospasm was also recently completed, with the results revealing incobotulinumtoxinA to be more effective. To date, to our knowledge, no study has compared the efficacy of all 3 neuromodulators. Furthermore, no study has compared the efficacy of these botulinum products specifically in the treatment of facial synkinesis. The goal of the present study was to determine, using patient-reported outcome measures, whether a difference in efficacy exists among the 3 commercially available botulinum toxin type A neuromodulators used in the management of facial synkinesis.
Methods
Patients were prospectively enrolled in a single-blind randomized clinical trial from July 3, 2012 to March 31, 2015 . All patients 18 years and older with facial synkinesis who presented to the Facial Nerve Center, University of Utah, Salt Lake City, for treatment and were appropriate candidates for botulinum toxin chemodenervation therapy were offered voluntary participation by one of us (P.D.W.). Exclusion criteria included previous complication from botulinum toxin neuromodulator injection, inability to understand or complete the Synkinesis Assessment Questionnaire (SAQ) survey, inability to participate in follow-up, and pregnancy. Written informed consent was obtained from each patient before enrollment in the study. Institutional review board approval was received from the University of Utah institutional review board. A total of 28 patients were randomly assigned to treatment with onabotulinumtoxinA, abobotulinumtoxinA, or incobotulinumtoxinA by drawing of a random folder by one of us (P.D.W.), which was prepared by the research nurse at the Facial Nerve Center and contained the assigned treatment ( Figure 1 ). Patients were masked to the treatment received, and all treatments were administered in the same fashion. After randomization, a previously validated instrument, the SAQ, was administered to evaluate patient-perceived severity of the synkinesis.
10 No clinician-graded facial nerve outcomes were recorded in this trial. After completion of the SAQ, patients were administered the assigned treatment. OnabotulinumtoxinA, abobotulinumtoxinA, or incobotulinumtoxinA was injected at a 3:1:1 ratio as recommended by previous studies 7, 11, 12 and the clinical experience of one of us (P.D.W.). One of us (P.D.W.), a facial plastic surgeon with 4 years of experience in these procedures at the start of the trial, was solely responsible for advising patients on facial regions to treat and for performing the injections. The trial protocol can be found in the Supplement. At 1, 2, and 4 weeks after treatment, patients were again administered the SAQ. The SAQ scores were calculated for each follow-up time point. The mean SAQ score in each treatment group (onabotulinumtoxinA, abobotulinumtoxinA, and incobotulinumtoxinA) for each week was calculated, as was the mean improvement in SAQ scores. Lower SAQ scores represented less severe patient-reported disease. The percentage of improvement in SAQ score was calculated for each time point as the mean posttreatment score divided by the mean pretreatment score for the treatment group subtracted from 1. The SAQ scores for each time point and treatment group were found to be normally distributed (passing both the D'AgostinoPearson omnibus normality test and the Shapiro-Wilk normality test), allowing for an assumption of gaussian distribution in the following tests of statistical significance. Comparisons among treatments and time points within treatment groups
Key Points
Question Is there a difference in efficacy of the botulinum toxin neuromodulators onabotulinumtoxinA, abobotulinumtoxinA, and incobotulinumtoxinA for treatment of facial synkinesis?
Findings In this randomized clinical trial, all botulinum toxins demonstrated similar efficacy at 1 and 2 weeks after treatment based on Synkinesis Assessment Questionnaire scores. However, at 4 weeks, incobotulinumtoxinA had significantly less effect on Synkinesis Assessment Questionnaire score improvement than did onabotulinumtoxinA.
Meaning IncobotulinumtoxinA may be less efficacious for treatment of facial synkinesis compared with onabotulinumtoxinA.
were made using a 1-way analysis of variance (ANOVA) followed by appropriate follow-up tests for multiple comparisons. Comparisons within treatment groups among each follow-up time point and the control pretreatment time point were made using the Dunnett test (compares every mean to a control mean), 13 whereas comparisons of different treatments at a given time point were made with the Tukey test (compares every mean to every other mean). 14 A threshold of P ≤ .05 (2-tailed) was used for statistical significance. Patients who had returned to their baseline SAQ score after a minimum of 12 weeks since their previous treatment were permitted to reenroll in the study for subsequent treatments. Twenty-eight patients were studied, and 6 of these patients were enrolled multiple times, accounting for 10 of the 38 treatments studied. To ensure that the baseline SAQ scores of these patients receiving repeated treatments did not differ from patients receiving a single treatment, we compared the mean pretreatment SAQ score for repeat-treatment patients with the mean pretreatment SAQ score of single-treatment patients for each type of botulinum toxin neuromodulator. These groups were evaluated for normality of distribution by the same method as described above, with single-treatment patients passing tests of normality; normality for the patients undergoing repeated treatments could not be determined because of the small number of treatments for each of these patients. Statistical comparisons were then made between the pretreatment SAQ scores for repeat-treatment patients and the respective (same type of botulinum toxin) single-treatment patients. To preference type I error and identify any possible difference among these groups, we made an assumption of normality and used a 1-way ANOVA followed by a Holm-Sidak multiple comparison test. The Holm-Sidak method was chosen because it has more power to identify significant differences than other possible methods, such as that of Bonferroni.
15 All analyses were performed for the groups originally assigned, with no crossover of patients among the treatment groups during the study period.
To put the changes in posttreatment scores in greater clinical context, we calculated effect sizes of the posttreatment changes. An estimation of effect size was calculated as the difference in pretreatment to posttreatment SAQ score divided by the pretreatment score SD, and by convention, we considered scores of 0.2 to be small, 0.5 to be moderate, and 0.8 to be large. 16 Cost comparisons among the products were made using the actual costs of these products at the clinic where the study was conducted. The trial ended after the designated study period expired. 56 [9.72] ; the differences among groups were not significant by 1-way ANOVA; P = .13) ( Table 1) . For patients reenrolled and receiving repeat treatments with botulinum toxin type A, the return of their pretreatment SAQ score to a baseline consistent with patients undergoing a single treatment was confirmed, with no significant difference in pretreatment scores between single-treatment and repeat-treatment patients. A comparison of repeat-treatment patients and single-treatment patients is shown in Figure 2 . Having confirmed no significant differences in the pretreatment SAQ scores and baseline characteristics of the botulinum toxin type A treatment groups, we evaluated the change in SAQ score from pretreatment at 1, 2, and 4 weeks after treatment. The mean SAQ scores and per- centage of improvement during the study for each treatment group are reported in Table 2 . A significant decrease in SAQ score from the respective pretreatment score was seen for all botulinum toxins at all time points except for incobotulinumtoxinA, which demonstrated no significant change in SAQ score from pretreatment at 4 weeks. A comparison of mean total SAQ scores by treatment group at each time point is shown in Figure 3 . The locations of treatments were wide ranging within each treatment group because they were uniquely administered for each patient, although these locations were overall grossly similar among the treatment groups. When compared statistically using a 1-way ANOVA followed by the Dunnett posttest, there was a significant decrease in SAQ score at each time point for onabotulinumtoxinA (scores of 45.93 at week 1, 45.19 at week 2, and 46.37 at week 4; P < .001) and abobotulinumtoxinA (scores of 38.80 at week 1, 37.61 at week 2, and 40.34 at week 4; P < .001) compared with the pretreatment score. However, for incobotulinumtoxinA, there was a significant decrease in SAQ scores at week 1 (score of 51.33; P = .003) and week 2 (score of 49.78; P = .001) but no significant difference from pretreatment scores at 4 weeks (score of 58.00; P = .08) ( Table 2 ).
Results
No significant difference was noted in SAQ score improvements among the onabotulinumtoxinA, abobotulinumtoxinA, and incobotulinumtoxinA groups at weeks 1 and 2 after treatment (week 1 mean improvements of 42% in the onabotulinumtoxinA group, 45% in the abobotulinumtoxinA group, and 26% in the incobotulinumtoxinA group; 1-way ANOVA overall 1-week P =.19;week2meanimpro v ements of 43% in the onabotulinumtoxinA group, 46% in the abobotulinumtoxinA group, and 28% in the incobotulinumtoxinA group; 1-way ANOVA overall 2-week P = .20. A significant difference among the groups was observed at week 4 (week 4 mean improvements of 41% in the onabotulinumtoxinA group, 42% in the abobotulinumtoxinA group, and 17% in the incobotulinumtoxinA group; 1-way ANOVA overall P = .045). Post-hoc Tukey test for multiple comparisons at week 4 after treatment showed significantly better SAQ score improvement for onabotulinumtoxinA vs incobotulinumtoxinA (41% vs 17%; P = .046). The abobotulinumtoxinA group had greater mean SAQ score improvement vs the incobotulinumtoxinA group, although this finding did not reach statistical significance at any time point (44% vs 24%, P = .21). The difference in SAQ score improvement for abobotulinumtoxinA vs incobotulinumtoxinA at 4 weeks was not statistically significant (42% vs 17%; P = .11) despite a statistically significant difference in total SAQ score at this time point for abobotulinumtoxinA vs incobotulinumtoxinA (40.34 vs 58.00; P = .02). We focused on the more clinically relevant SAQ score improvement because this takes into account differences in the pretreatment groups, unlike comparing the total SAQ score at each time point.
Minor adverse effects reported during the study included redness, bruising, swelling, and fullness at the injection sites; these adverse effects were not believed to be meaningful or noted to be qualitatively different among the products. No major adverse treatment effects were reported during the study.
Discussion
Synkinesis can be a distressing consequence of facial paralysis and can lead to impaired facial functionality, social isolation, and decreased quality of life. 3, 10, 12 Facial neuromuscular training with biofeedback and botulinum neuromodulator injections have proven to be effective therapies in the management of facial synkinesis and have emerged as the standard of care in its treatment. [3] [4] [5] [6] [17] [18] [19] [20] [21] Although botulinum toxin For all botulinum toxin neuromodulators, pretreatment SAQ scores were not significantly different for patients receiving repeat treatments compared with patients receiving a single treatment. This comparison demonstrates a lack of significant effect on the pretreatment SAQ scores by history of treatment and supports the appropriateness of treating patients receiving repeat injections as individual observations. Error bars indicate SD. type A is known to be effective for treating synkinesis, [5] [6] [7] [8] 22, 23 we are not aware of any studies that compare the efficacy of the 3 commercially available botulinum products. The purpose of this study was to determine whether there was a difference in the efficacy of the 3 commercially available botulinum neuromodulators (onabotulinumtoxinA, abobotulinumtoxinA, and incobotulinumtoxinA) in the treatment of facial synkinesis.
We found no significant difference in the efficacy of onabotulinumtoxinA, abobotulinumtoxinA, and incobotulinumtoxinA based on the SAQ score improvements at 1 and 2 weeks after treatment. However, at 4 weeks after treatment, the SAQ score improvement associated with onabotulinumtoxinA administration was significantly greater than that associated with incobotulinumtoxinA (Table 2) . Although the overall means of all posttreatment SAQ scores at 1, 2, and 4 weeks were not statistically different among the treatment groups, the mean SAQ scores for the incobotulinumtoxinA group at all posttreatment time points were greater than those for the other treatment groups despite a slightly lower mean pretreatment score. Consistent with this, the mean improvements in the SAQ scores for abobotulinumtoxinA (42% improvement) and onabotulinumtoxinA (44% improvement) were larger than those for incobotulinumtoxinA (24% improvement) during the entire study period (Table 2 ). This finding was surprising because we had noted no qualitative concerns from patients about incobotulinumtoxinA compared with the other botulinum toxins.
This finding of a statistically significant difference in SAQ score improvement associated with onabotulinumtoxinA and incobotulinumtoxinA treatments raises an important consideration in clinical research. A statistically significant difference is not necessarily clinically significant. The SAQ used as the primary source of measurement in this study has been previously validated as an effective tool for the assessment of facial synkinesis. 10 Although it demonstrates statistical validity in measuring synkinesis and identifying changes with botulinum therapy, the minimum clinically important difference (MCID) of this score is unclear. The MCID is the smallest improvement in score that is considered to be important to the patient. 24 There are multiple methods that have been suggested for estimating the MCID, and although none is perfect, they may help put numbers into clinical context. An MCID of 0.5 SD is applicable to many different clinical contexts, and its general applicability has been attributed to the human ability of mentally discriminating differences of approximately 1 in 7, or 0.5 SD. 25, 26 Applying this concept to our study, we found a mean 0.5 SD for the pretreatment conditions to be approximately 7.2 and that all pretreatment to posttreatment SAQ changes at each time point and for each botulinum toxin type A exceed the 0.5 SD-defined MCID. Furthermore, the statistically significant difference in SAQ score improvement of onabotulinumtoxinA compared with incobotulinumtoxinA at week 4 (21.33) was above this threshold for MCID, suggesting not only a statistical difference but also a clinical difference in effect. Similarly, the difference in SAQ score improvement between abobotulinumtoxinA and incobotulinumtoxinA at week 4 (18.18) was above the MCID despite failing to reach statistical significance. Effect size was also estimated to further place the statistical findings in a clinical context, and the changes in SAQ score from before to after treatment at all time points and for all botulinum toxins were above what is considered to be a large effect (≥0.8 by convention).
Limitations
A potential weakness of our study is the reenrollment of patients already treated with botulinum toxin type A for synkinesis. The primary concern with recurrent botulinum toxin type A injections is the possibility of immunogenicity and the development of tolerance. The formation of neutralizing and nonneutralizing antibodies against botulinum toxin type A has been observed in human studies [27] [28] [29] in the past, leading to unresponsiveness to the treatment. This unresponsiveness was specifically associated with large doses of botulinum toxin type A, and 20% of patients taking repetitive large doses of toxins were unresponsive to treatment at 5 years. 27 Tachyphylaxis may also lead to decreased responsiveness with repeat treatments, and 15% of patients have been reported to become resistant to treatment with botulinum toxin type A after 5 years of treatment because of tachyphylaxis.
27
Despite the aforementioned concerns associated with the repetitive use of botulinum toxin type A injections, we do not believe repeat botulinum injections have confounded the results of this study. Before reenrolling patients and considering them as unique patients, we ensured that they had returned to their baseline synkinetic state. Pretreatment SAQ scores in each group were not statistically different, and the mean pretreatment scores for the patients undergoing repeat treatments were not significantly different from the mean pretreatment scores of those patients receiving a single treatment (Figure 2 ). In addition to no significant difference in baseline characteristics, there is biologic plausibility for a lack of effect from repeat injections because our study used small doses of botulinum toxin type A, which carries less risk of immunogenicity and tolerance. 27 Our study was also conducted during a short period and not the multiple-year duration of treatment often reported for the development of antibody-related resistance. Furthermore, the application of botulinum toxin type A has not been found to lead to persistent histologic changes in the nerve terminal or the target muscle, allowing for repetitive injection without concern that these changes that would affect our study. 30 Finally, each patient who reenrolled in the study was required to be at least 12 weeks past their last botulinum toxin type A treatment; this strategy was believed to safely ensure that the effects of the prior treatment had ended before patients entered the study again.
Another weakness of the study was the small number of patients enrolled and treatments assessed; however, we achieved adequate power to identify the statistically significant associations described. Our sample size was most constrained by performing the trial at a less busy practice location, where it was approved and where all 3 botulinum neuromodulators were available. However, the limited sample size does not reflect limited experience of the performing physician because approximately 200 to 300 of these procedures were performed annually when all other practice locations were considered.
The facial locations treated were individualized to each patient's specific pattern of synkinesis so that each patient could achieve the full benefit of chemodenervation. Thus, the anatomical treatment areas varied widely from patient to patient. However, the overall ranges of anatomical treatment locations were similar for each of the types of botulinum toxin type A administered, suggesting that the differences in efficacy among the toxins were not related to gross differences in facial areas treated; for example, onabotulinumtoxinA was not used exclusively for treatment of the neck, and incobotulinumtoxinA was not used exclusively for treatment of the brow.
The dosage ratio of abobotulinumtoxinA to onabotulinumtoxinA and incobotulinumtoxinA used in this study was 3:1:1. This ratio was selected based on previous studies 31,32 and for ease in calculation. The recommended dosage ratio for abobotulinumtoxinA, onabotulinumtoxinA, and incobotulinumtoxinA is 2.5:1:1. This difference may cause a slight inflation in scores and improvements for the abobotulinumtoxinA group and is most likely the cause of the abobotulinumtoxinA scores being slightly better than the onabotulinumtoxinA scores in our study. Although the scores were elevated, they did not reach statistical significance and therefore did not appear to change the outcomes of this study. The value (outcome and cost) of these treatments is important to consider as we work to improve outcomes and decrease costs of care. We therefore evaluated relative costs of these products in addition to the synkinesis outcomes that we reported. The costs used here for our comparison may not be generalizable to other practice environments where purchase quantity of product, units per vial, and individual price negotiations may alter cost. Our costs were $5.79 per unit of onabotulinumtoxinA (100-U vial), $1.71 per unit of abobotulinumtoxinA (300-U vial), and $4.66 per unit (50-or 100-U vial) of incobotulinumtoxinA. At the 3:1:1 ratio of abobotulinumtoxinA to units of the other botulinum toxins used in this study, the cost of an equivalent dose of abobotulinumtoxinA (3 U) was $5.13. On the basis of our costs, incobotulinumtoxinA is the cheapest per equivalent units. However, the cost of incobotulinumtoxinA is 80% of the cost of onabotulinumtoxinA and 91% of the cost of onabotulinumtoxinA (3-U cost), with our findings demonstrating relative mean SAQ reductions with incobotulinumtoxinA of only 57% and 55%, respectively, compared with these other 2 products. This finding suggests that the somewhat lower cost of incobotulinumtoxinA is not sufficient to achieve equivalent value with the other products in regard to SAQ outcomes.
Conclusions
In a prospective, single-blind randomized clinical trial of the efficacy of 3 commercially available botulinum neuromodulators in the treatment of facial synkinesis, all 3 had similar efficacy at 1 and 2 weeks after treatment. Four weeks after treatment, abobotulinumtoxinA and onabotulinumtoxinA had similar efficacy, whereas incobotulinumtoxinA had decreased efficacy at this particular time point after treatment and reached a statistically significant difference compared with abobotulinumtoxinA. Further research into the differences between these products should be undertaken to help determine whether particular products may be better suited to certain applications or whether the dosage should be adjusted to establish clinical equivalence of these products. IncobotulinumtoxinA was associated with a lower cost per unit at our institution, although this was not proportionate to the reduced magnitude of SAQ improvement; therefore, the value of this product for treatment of facial synkinesis may be relatively less than abobotulinumtoxinA and onabotulinumtoxinA. The previously validated instrument, Synkinesis Assessment Questionnaire (SAQ), was administered in order to evaluate patient-perceived severity of synkinesis. This instrument was used for each of the three treatment arms and change in scores from baseline were compared at each time point between arms. SAQ scores are calculated as the sum of scores for 9 questions, which
